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Aim: The aim of this study was to evaluate the effects of calcium channel blocker (CCB) amlodipine 

(AML), platelet rich plasma (PRP), and a mixture of both materials on bone healing.

Materials and methods: Fifty-six male Wistar rats were randomly divided into four groups: 

group A, tibia defect model with no treatment; group B, tibia defect model treated with AML, 

0.04 mg daily by oral gavage; group C, tibia defect model treated with local PRP; group D, tibia 

defect model treated with local PRP and AML, 0.04 mg daily by oral gavage.

Results: At day 21, bone healing was significantly better in groups C and D compared to 

group A (P,0.05), but comparisons showed no statistically significant difference in group B 

(P.0.05). At day 30, groups B and C showed no statistically significant difference (P.0.05) 

compared to group A, but bone healing in group D was significantly better than in group A 

(P,0.05). Statistically, AML did not affect alkaline phosphatase (ALP) activity at 21 and  

30 days (P.0.05), but PRP and AML + PRP increased ALP activity statistically (P,0.05).

Conclusion: It can be concluded that AML had neither a positive nor a negative effect on bone 

healing, but when used in combination with PRP, it may be beneficial.

Keywords: amlodipine, calcium channel blockers, platelet-rich plasma, bone mineral metabo-

lism, hypertension

Introduction
High blood pressure is estimated to affect more than one in three adults aged 25 and 

over, or about 1 billion people worldwide.1 This means that nearly 30% of our patients 

are suffering from hypertension. Various drugs are currently used to treat hypertension, 

but the effects of these drugs on other age-related problems have not been well studied. 

Drugs that are the primary choice for the treatment of hypertension include calcium 

channel blockers (CCBs).2 Dihydropyridine derived CCBs, such as amlodipine (AML), 

lacidipine, and nicardipine, are widely used to treat hypertension. Large clinical trials 

have confirmed their usefulness for preventing cardiovascular events by lowering blood 

pressure and having an antioxidant effect on vessels in vitro.3,4

CCBs primarily inhibit calcium influx through the L-type voltage-dependent calcium 

channels at the level of vascular smooth muscle, thereby disrupting the excitation–

contraction process.5,6 However, as these CCBs interfere in the transportation of calcium 

through cell membranes, they may affect many metabolic processes, including bone 

metabolism.7,8 A number of clinical and experimental studies have reported that the 

effects of CCBs are associated with skeletal calcium metabolism due to the presence of 

L-type calcium channels in osteoblastic cells.9 Regulators of bone formation modulate 

the channel’s expression, suggesting a functional involvement of L-type calcium chan-

nels in bone remodeling.10 AML is a third generation dihydropyridine L-type CCB used 

in the treatment of angina pectoris, arterial hypertension, and cardiac arrhythmias.11
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Chronic use of CCBs in hypertensive patients may affect 

the repair process of osteogenesis after surgical and clini-

cal procedures and may be important in the healing period, 

especially in guided bone regeneration procedures. There are 

disparate results in literature on the effects of CCBs on bone 

metabolism. Halici et al12 suggested that AML has a benefi-

cial effect on bone metabolism and an antihypertensive effect. 

Moraes et al13 stated that chronic use of AML compromised 

bone formation in the early stage of the repair process of 

surgical defects in the ramus of rat mandible. Ushijima et al14 

showed that AML prevents reduction in bone density during 

repeated dosing in stroke-prone, spontaneously hypertensive 

rats. However, Shimizu et al9 proposed that AML showed no 

action on bone metabolism in ovariectomized hypertensive 

rats. Despite the convincing evidence given above, there 

are insufficient data about the effects of CCB use on bone 

physiology in humans.

During wound healing, platelets are among the first cells 

to respond at a wound site, as they are critical to the initiation 

of this process.15–17 Recently, platelet rich plasma (PRP) has 

become a valuable adjunct used to promote healing in many 

procedures such as oral surgery, periodontology, otolaryn-

gology, head–neck surgery, and neurosurgery.18,19 PRP is a 

product derived from autologous blood, and its preparation 

is intended to obtain a high platelet concentration in a small 

volume of plasma. One of the potential advantages of PRP 

is that it is possible for it to be obtained from the patient’s 

own blood after a simple centrifugation procedure.20 Both, 

the plasma and its preparates contain growth factors that 

play a role during the initial phase of healing and bone 

regeneration.21,22

Various authors have described PRP as an effective 

means of improving the healing of both hard and soft tissues, 

resulting in reductions in pain, inflammation, and trismus, 

as well as an acceleration of the bone regeneration process. 

However, there are some controversial results in the litera-

ture, and there have been low numbers of systematic studies 

carried out to date.23,24

The rapid recovery after surgical procedures is crucial in 

order to regain normal functioning of the bone and its sur-

rounding structures. There have been an increasing number 

of studies on this subject.25 The purpose of this study was to 

make a biochemical and histological evaluation of the effects 

of AML, PRP, and a combination of both materials on the 

repair process of a surgical defect in rat tibia, as well as to 

verify possible alterations in alkaline phosphatase (ALP) 

and serum bone-specific alkaline phosphatase (s-bone ALP) 

levels.

Materials and methods
experimental design: animals and aMl, 
PrP administration
The study included 56 male Wistar Albino rats (mean age  

12 weeks; weight 290–350 g) and was conducted at the 

Health Institution of Research Centre, Afyon Kocatepe 

University, Afyonkarahisar, Turkey. The animals were 

housed in groups of seven per plastic cage in a controlled 

environment (22°C; 12-hour light–dark cycle) with free 

access to drinking water and a diet of standard laboratory 

rat food pellets. The experimental protocol of the study was 

approved by the Animal Experimentation Ethics Committee 

of Kocatepe University (2013-49533702/361). The animals 

were maintained and used in accordance with the animal 

welfare act and guidance for the care and use of laboratory 

animals. The rats were randomly divided into four groups:

•	 Group A (control group), tibia defect model with no 

treatment (n=14);

•	 Group B (AML group), tibia defect model treated with 

AML, 0.04 mg/rat/day by oral gavage (n=14);

•	 Group C (PRP group), tibia defect model treated with 

local PRP (n=14);

•	 Group D (AML + PRP group), tibia defect model treated 

with 0.2 mL local PRP and with AML 0.04 mg/rat/day 

by oral gavage (n=14).

Groups A and C received daily oral doses of sterile 

physiological saline (0.9% NaCl) in order to simulate any 

possible influence of physiological and physical stress on 

bone healing caused by gavage.

chemicals
Amlodis (5 mg tablet) and cefamezin (1 g vial) were pur-

chased from Zentiva (Istanbul, Turkey). Ketalar 10 mL was 

purchased from Pfizer (Istanbul, Turkey) and xylazine 25 mL  

was purchased from Bayer (Istanbul, Turkey). AML was 

dissolved in sterile physiological saline (0.9% NaCl) and 

diluted to the given concentration.

PrP preparation
Blood was obtained from two rats after anesthesia; a total of 

20 mL of whole blood from two rats was collected through 

intracardiac aspiration and mixed with 2 mL of the anticoagu-

lant, citrate dextrose A. After centrifugation at 3,500 rpm for 

12 minutes, red blood cells, PRP, and platelet-poor plasma 

were separated. The PRP was divided into 0.2 mL portions 

for each rat in these two groups. The total platelet count in  

1 mL of prepared PRP was determined and confirmed with a 

phase-contrast microscopic platelet count. The concentration 
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of the platelets in the two groups receiving PRPs was between 

500,000–600,000/μL.

rat tibia defect model and surgical 
procedure
Surgical procedures were performed under general anesthesia 

with a combination of ketamine chlorhydrate (Ketalar; Pfizer 

0.08 mL/100 g body weight) and xylazine 2% (Rompun; 

Bayer; 0.04 mL/100 g body weight). A monocortical bone 

defect on the left tibia was created in all animals. Taking 

the right and left legs into a flexion position, the overlying 

skin of the left tibia was shaved and disinfected with iodated 

alcohol. A 1.5-cm skin and muscle incision was then made to 

expose the bone surface of the middle third of the tibia where, 

on the wider region, a monocortical defect was created.  

A 1 mm diameter rod and a size 12 stainless steel dental burr 

(Meisinger GmbH, Neuss, Germany) were used on a low-

speed hand piece, under constant sterile saline irrigation, to 

create an oval bone defect measuring approximately 2 mm 

in width and 3 mm in length, with the cortical thickness. 

The muscular layer was sutured with resorbable 5.0 catgut 

suture (Dogsan, Trabzon, Turkey), and the skin was sutured 

with interrupted 3.0 silk suture (Dogsan). Upon completion 

of the surgical procedure, each animal received a single 

dose of cefazolin sodium, 50 mg/kg (Cefamezin; Zentiva) 

by intramuscular injection.

histopathological and biochemical 
evaluation
Following surgery, seven rats per study group were killed 

on days 21 and 30, using high dose combination of ketamine 

and xylazine. Bone regeneration and fibrotic healing were 

evaluated by histopathology. Histological samples were 

fixed in 10% formalin for 72 hours and decalcified in 10% 

ethylenediamine tetraacetic acid (EDTA) solution (for decal-

cification) for approximately 2 months. After complete decal-

cification, dehydration was carried out in a graded alcohol 

series, and the samples were embedded in paraffin blocks. 

Transverse sections of 4–5 μm thickness were prepared for 

each tibia defect. All slices were stained with hematoxylin 

and eosin. Histological examination of the slides was carried 

out using a light microscope. All parameters were evaluated 

by an experienced pathologist, using a histological scoring 

technique. The pathologist was blinded to the study groups 

that each specimen came from. Healed bone was observed 

in the repair stage of healing in all the groups. Findings of 

fibrous tissue, cartilage tissue, immature ossification, and 

mature bone formation were seen in the groups. According 

to these findings, semiquantitative classification of the bone 

healing was made as follows:

•	 Good healing = three (3) points = Trabecular bone with 

lamellar bone cells and compact bone (mature bone).

•	 Fair healing = two (2) points = Trabecular bone with 

wowen bone cells (immature bone).

•	 Poor healing = one (1) point. = Fibrous and cartilage 

tissue.

Blood samples were collected at the time of sacrifice 

by cardiac puncture and centrifuged for plasma separation. 

For biochemical examination, serum samples were frozen  

at −20°C, until the measurement. ALP levels were measured 

using an autoanalyzer (Cobas C501; Roche Diagnostics, IN, 

USA) in the biochemistry laboratories of Afyon Kocatepe 

University. The results were expressed as units/liter.

statistical analyses
The statistical calculations were carried out with the SPSS 

software package, version 15.0 (SPSS Inc., Chicago, IL, 

USA) for Windows. Results for descriptive statistics were 

expressed as mean ± standard deviation (SD). Statistical 

comparisons of continuous and multiple variables among 

the groups were performed using Kruskal–Wallis test, based 

on their distribution. According to the Kruskal–Wallis test, 

statistical significance was observed, and the Mann–Whitney 

U-test was used to determine the difference between two 

groups. P-values less than 0.05 was considered as statisti-

cally significant.

Results
None of the rats in any group died during the course of the 

experiment. No unwanted condition developed in any rat, 

and none of the rats were excluded from the study. All of the 

animals tolerated the procedure well and demonstrated good 

homeostasis and rapid recovery from anesthesia.

histopathological results
According to multiple comparisons with Kruskal–Wallis test, 

there were significant differences among all study groups at 

day 21 (P,0.05), but no significant differences at day 30 

(P.0.05). Using pairwise comparisons with Mann–Whitney 

U-test, there was no statistically significant difference 

between days 21 and 30 in group B (P.0.05). The level of 

bone healing in groups C (PRP) and D (AML + PRP) was 

significantly higher than that of group A (control) at day 21  

(P,0.05). There was also significantly better healing in group 

D (AML + PRP) than group A (control) at day 30 (P,0.05) 

(Table 1) (Figures 1–8).
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alP serum level results
The serum levels of ALP and s-bone ALP showed statistically 

significant mean values for the experimental groups when 

compared with the control group. Changes in ALP levels as a 

bone remodeling marker after treatments are given in Tables 2  

and 3. According to multiple comparisons with Kruskal–

Wallis test, there were significant differences among all the 

study groups at day 21 (P,0.05), but no significant differ-

ences at day 30 (P.0.05). Statistically (with Mann–Whitney 

U-test), AML did not affect ALP and s-bone ALP activity at 

21 and 30 days (P.0.05), but PRP and AML + PRP increased 

ALP and s-bone ALP activity statistically (P,0.05).

Discussion
This study aimed at assessing the possible effects of antihy-

pertensive drugs and PRP on bone healing. The effects of 

AML and PRP on the healing stage of a tibial bone defect in 

rats were evaluated by histopathological analyses, and levels 

of ALP were also examined.

Hypertension is one of the major challenges for public 

health. Appropriate hypertension treatment with antihy-

pertensive drugs seems to provide a better quality of life 

with low morbidity and mortality rates. CCBs, angiotensin-

converting enzyme inhibitors, angiotensin II receptor type 1  

antagonists, diuretics, β-blockers, and α-blockers may be 

used as a primary choice for the treatment of hypertension. 

As CCBs are widely used in the treatment of hypertension 

and angina,12 AML was selected as the working material 

for this study. The daily dose used was 0.04 mg of AML, 

consistent with the prescription for humans of 5–10 mg/day, 

the lower dose being suggested for elderly patients and those 

with hepatic insufficiency.24

The outcome of various clinical and surgical procedures 

in the treatment of bone defects is affected by several factors 

such as patient, defect, and surgical variables. An awareness 

of systemic conditions and drugs that could affect alveolar 

bone may be important to identify patients at increased risk 

of poor clinical and postoperative results. Thus, the present 

study focused on the impact of AML on defect healing.  

The physiological, cellular, and molecular mechanisms by 

which antihypertensive drugs may affect bone tissues are 

not yet fully understood, and to the best of our knowledge, 

there is limited information about the relationship between 

bone defect healing and AML.

Table 1 statistical analysis of bone healings at days 21 and 30

Study groups P-value

Group A
(n=14)

Group B
(n=14)

Group C
(n=14)

Group D
(n=14)

Kruskal–Wallis
test

Day 21 1.57±0.53 1.71±0.48 2.57±0.53 2.71±0.48 0.002*,d

Mann–Whitney U-test 0.591a 0.01*,b 0.005*,c

Day 30 2.00±0.81 2.28±0.75 2.71±0.48 2.85±0.37 0.089e

Mann–Whitney U-test 0.493a 0.08b 0.031*,c

Mann–Whitney U-test 0.116f 0.591g 0.530h

Notes: *Statistically significant between-group difference (P,0.05 Mann–Whitney U-test and Kruskal–Wallis test). Data are shown as mean ± standard deviation. agroup B  
compared with group a. bgroup c compared with group a. cgroup D compared with group a. dBetween-group comparisons at day 21. eBetween-group comparisons at 
day 30. fgroup B compared at days 21 and 30. ggroup c compared at days 21 and 30. hgroup D compared at days 21 and 30.

Figure 1 Control group at day 21 (hematoxylin and eosin, 100×).
Figure 2 AML group at day 21 (hematoxylin and eosin, 100×).
Abbreviation: aMl, amlodipine.
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Mature bone tissue

Bone marrow

Immature
bone tissue

100 µm

Figure 3 PRP group at day 21 (hematoxylin and eosin, 100×).
Abbreviation: PrP, platelet rich plasma.

Figure 4 aMl +	PRP group at day 21 (hematoxylin and eosin, 100×).
Abbreviations: aMl, amlodipine; PrP, platelet rich plasma.

Figure 5 Control group at day 30 (hematoxylin and eosin, 100×).

Figure 6 AML group at day 30 (hematoxylin and eosin, 100×).
Abbreviation: aMl, amlodipine.

Figure 7 PRP group at day 30 (hematoxylin and eosin, 100×).
Abbreviation: PrP, platelet rich plasma.

Figure 8 aMl +	PRP group at day 30 (hematoxylin and eosin, 100×).
Abbreviation: aMl, amlodipine, PrP, platelet rich plasma.
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Table 2 statistical analysis of alkaline phosphatase levels at days 21 and 30

Study groups P-value

Group A
(n=14)

Group B
(n=14)

Group C
(n=14)

Group D
(n=14)

Kruskal–Wallis
test

Day 21 94.28±17.90 113.42±34.42 128.00±20.67 133.57±39.17 0.069d

Mann–Whitney U-test 0.306a 0.013*,b 0.035*,c

Day 30 112.00±10.67 126.00±19.17 145.28±27.03 184.28±14.25 0.001*,e

Mann–Whitney U-test 0.224a 0.029*,b 0.002*,c

Mann–Whitney U-test 0.249f 0.224g 0.015*,h

Notes: *Statistically significant between-group difference (P,0.05 Mann–Whitney U-test and Kruskal–Wallis test). Data are shown as mean ± standard deviation. agroup B  
compared with group a. bgroup c compared with group a. cgroup D compared with group a. dBetween-group comparisons at day 21. eBetween-group comparisons at 
day 30. fgroup B compared at days 21 and 30. ggroup c compared at days 21 and 30. hgroup D compared at days 21 and 30.

Table 3 Statistical analysis of serum bone-specific alkaline phosphatase at days 21 and 30

Study groups P-value

Group A
(n=14)

Group B
(n=14)

Group C
(n=14)

Group D
(n=14)

Kruskal–Wallis
test

Day 21 77.57±18.41 81.85±24.79 101.57±14.10 101.42±26.47 0.072d

Mann–Whitney U-test 0.565a 0.021*,b 0.048*,c

Day 30 89.28±10.90 97.71±18.58 116.28±24.17 151.57±8.69 0.001*,e

Mann–Whitney U-test 0.443a 0.025*,b 0.002*,c

Mann–Whitney U-test 0.18f 0.276g 0.003*,h

Notes: *Statistically significant between-group difference (P,0.05 Mann–Whitney U-test and Kruskal–Wallis test). Data are shown as mean ± standard deviation. agroup B 
compared with group a. bgroup c compared with group a. cgroup D compared with group a. dBetween-group comparisons at day 21. eBetween-group comparisons at day 30.  
fgroup B compared at days 21 and 30. ggroup c compared at days 21 and 30. hgroup D compared at days 21 and 30.

The results of the current study showed that AML had 

neither a positive nor a negative effect on bone defect heal-

ing, although the combination of AML and PRP could be 

beneficial to the defect healing process. To the best of the 

authors’ knowledge, this is the first study that used an AML 

and PRP combination for the treatment of a bone defect. 

These results may have arisen due to the synergistic effect 

of AML and PRP on bone healing. A study by Teófilo et al,8 

demonstrated the alveolar bone repair process in rats under 

conditions of chronic AML, used at a dose identical to that 

of the current study; a decrease from 20% to 30% in the 

volume of newly formed bone was reported. In another study 

by Moraes et al13 a period of 14 and 30 days was evaluated 

for both the AML and control groups, and newly formed 

bone was reduced when compared with the control group 

in 14 days, but AML did not affect newly formed bone in 

30 days, with the same dose as used as in the current study. 

Gradošová et al26 assumed that AML did not significantly 

influence bone mineral density for 8 weeks. However, 1 

year before this study, Gradošová et al27 suggested that 

AML could prevent osteoporosis for 12 weeks. A study by 

Ushijima et al14 reported that AML prevented the reduc-

tion of bone density of the femur. Accordingly, amlodipine 

and lacidipine prevented ovariectomy-induced bone loss 

in osteopenic rat femur.12 Despite the numerous studies 

mentioned above, there is insufficient knowledge about the 

effects of CCB use on bone healing metabolism.

During the last 20 years, PRP has been used to enhance 

bone regeneration and soft tissue maturation for maxillofa-

cial surgery as well as periodontology, ranging from filling 

postextraction alveolar sockets to more complex surgery.28–31 

PRP can be used alone or in conjunction with bone grafts 

in the surgical site.24 It is prepared with the intention of 

influencing soft and hard tissue repair and/or regeneration.32 

It is thought that the contribution of PRP to the bone healing 

process is based on the growth factors present in it which 

promote proliferation, chemotaxis, and the differentiation 

of cells which are essential to osteogenesis. The concentra-

tion of growth factors is seven times higher in PRP than in 

normal blood clots.33 PRP contains growth factors such as 

platelet-derived growth factor, epithelial growth factor, trans-

forming growth factor-β, vascular endothelial growth factor, 

insulin growth factor-1, and basic fibroblast growth factor.24,34 

Therefore, PRP may influence bone healing through a variety 

of pathways. In addition, PRP has been reported to have 

benefits such as the improved handling of particulate grafts, 

facilitation of graft placement and stability, improved rate 

and quality of new bone formed, hemostasis when used 

in conjunction with the cell-poor serum layer containing 

factor Xa, shorter implant exposure time, enhanced vascular 
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ingrowth, mitogenic effects, natural biological sealant, no 

risk of disease transmission due to its autologous nature, and 

it is not expensive.35

The vast majority of published clinical studies suggests 

that PRP accelerated bone healing,18,23,36–41 while other 

authors have reported different results.42–48 The scientific 

evidence regarding the efficacy and efficiency of PRP is 

still controversial. However, in a recent study, Daif 49 inves-

tigated the effect of autologous PRP on bone regeneration 

in mandibular fractures. The authors concluded that direct 

application of PRP along the fracture lines may enhance 

bone regeneration. Similarly, PRP improved bone repair 

alone, not in 30 days, but in 21 days. PRP alone has a strong 

stimulant effect on capillary regeneration in wound healing. 

These effects are mainly noticeable during the early stages 

of wound healing.50

Controversial results regarding the effectiveness of 

PRP may partly be due to wide variations in manufacturing 

methods.51 It has been reported that differences in propor-

tion and levels of growth factors may be found between 

currently available commercial PRP systems because of the 

concentration of platelet that, in turn, may affect results.52 

Differences in the results of the studies might also be related 

to the study design.

ALP activities may serve as markers of the course and 

rate of bone healing. ALP activity is a marker for the dif-

ferentiation of cells with osteogenic potential into mature 

osteoblasts.53 ALP is generally considered to play a key role 

in calcification in vitro. Calcification does not occur in the 

absence of ALP activity.54 ALP was evaluated as a bone-

remodeling marker by biochemical analysis in the current 

study. In this study, there was no statistically significant dif-

ference in the serum levels of ALP and s-bone ALP between 

the control group and the AML groups for the periods after 

21 and 30 days. Similar to the histopathological results, the 

combination of AML and PRP increased the ALP levels. 

There are controversial results in literature about the metabo-

lism of ALP. Teófilo et al8 demonstrated that ALP levels of 

the AML groups were of nearly the same concentration as 

in the control group at day 30, but there was a significant 

decrease at day 14. Gradošová et al26 suggested that the 

serum concentration of s-bone ALP greatly decreased to 12% 

in the AML group in comparison with the control group.  

On the other hand, Kosaka and Uchii55 found that benidipine, 

a CCB, increased ALP activity of osteoblastic cells isolated 

from neonatal mouse calvaria.

The findings of the current study revealed the positive 

effects of PRP on ALP activities. There are contradicting 

results in the literature about this issue. Arpornmaeklong  

et al56 reported that PRP reduced ALP activity. Kasten  

et al57 showed that addition of PRP reduced the ALP activity 

in mesenchymal stem cells in β-tricalcium phosphate (MSC/

beta-TCP) composites significantly at explantation. In accor-

dance with our study and incompatible with the above men-

tioned studies, Chen et al58 showed significantly increased 

ALP concentration in blood at 4 weeks in the PRP group. 

The mechanisms of effects of CCBs and PRP have not 

been fully understood yet, but they are mostly attributed to 

changes in bone remodeling. These effects might be based 

on the relationship between osteoblastic and osteoclastic 

activity. However, the variability in the histopathological 

and biochemical results of the studies can be related to the 

differences in methodological designs.

There are also some limitations of the present study.  

A single dose of AML (0.04 mg/rat/day) was applied to the 

rats, and it can be speculated about the effect of different 

dosing regimens on bone defect healing. However, there are 

some ethical restrictions due to the increase in the number 

of animals for different dosing regimens. Another limita-

tion was that in the current study, the immunohistochemical 

expression of the markers, osteopontin, osteonectin, and 

osteocalcin, that play an important role in the mineralization 

and healing of the bone could not be examined. Besides, 

histopathologic and serum findings could not be supported 

with radiographic measures to determine the healing outcome 

of the study groups. The current study has other limitations, 

such as the brief monitoring period as well as the fact that 

there was no hemodynamic monitoring of the animals during 

our experiment.

Conclusion
It can be concluded that AML had neither a positive nor a 

negative effect on bone healing at the repair stage. However 

if AML is used in combination with PRP, it could be ben-

eficial. PRP is beneficial in the tibial healing process both 

at 21 days. In light of these results, PRP, especially, could 

be a viable alternative to accelerate the healing of bone in 

the early stages. The results of the present study can provide 

valuable contributions to the literature. But in the daily 

clinical practice, many clinicians are still skeptical about 

the current levels of evidence about the impact of CCBs on 

bone mineral metabolism and efficacy of PRP on soft/hard 

tissue healing. High quality, robust, randomized controlled 

studies are needed to investigate the effects of different dose 

regimens of AML and PRP in the promotion of bone healing. 

Such information from in vivo/in vitro studies may clarify 
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the potent action of AML and PRP on bone defect healing 

and may lead to finding a novel therapeutic target for surgical 

procedures, and systemic and bone diseases.
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